Objective: The chronicity and severity of childhood-onset systemic lupus erythematosus (cSLE) necessitate effective transition from pediatric to adult providers. We studied transition outcomes in a cSLE cohort. Methods: We identified patients at an adult lupus clinic diagnosed with SLE 18 years who had been followed by a pediatric rheumatologist. Data extracted from the first three years in adult care (''post-transition period'') included: sociodemographics, depression, anxiety, SLE manifestations, SLE Disease Activity Index (SLEDAI) and Systemic Lupus International Collaborating Clinics/ACR Damage Index for SLE (SLICC) scores, nonadherence, and gaps in care (no appointments in the recommended time frame). Multivariable logistic regression analyses for predictors of: (1) time between pediatric and adult providers, (2) gaps in care, (3) unscheduled utilization (emergency department visits and admissions) (4) depression and/or anxiety were performed, as was a multivariable Poisson regression analysis for number of missed appointments. Results: In 50 patients, SLEDAI scores were stable (mean 5.7 AE 5.0 at start vs. 4.7 AE 4.8 at year 3, p ¼ 0.2), but SLICC scores increased (0.46 AE 0.84, vs. 0.78 AE 1.25, p ¼ 0.01). Depression and anxiety increased significantly (10% vs. 26%, p ¼ 0.02). Mean time from last pediatric to first adult provider visit was almost nine months (253 AE 392 days). Nearly 75% of patients had ! 1 gap in care. White race, low education level and non-adherence were significantly associated with missed appointments. Conclusion: Despite moderate disease activity in this cSLE transition cohort, prolonged time between pediatric and adult providers and gaps in care in the post-transition period occurred. Anxiety and depression were frequently reported. Future work should identify methods to improve transition. Lupus (2016) 25, 1431-1439. Transition Outcomes in cSLE MB Son et al. Transition Outcomes in cSLE MB Son et al.
Introduction
Systemic lupus erythematosus (SLE) begins during adolescence in approximately 20% of patients and continues into adulthood nearly without exception. 1 SLE disproportionately affects females, minorities, and those of low socioeconomic status, 2,3 and childhood-onset SLE (cSLE) typically occurs during adolescence, a particularly vulnerable period of development. These factors render the process of transition of cSLE patients from pediatric to adult rheumatologists potentially difficult.
The American Academy of Pediatrics, the American Academy of Family Physicians and the American College of Physicians have endorsed the need for effective transition of care, 4, 5 and it has been designated a public health goal per the United States (US) Department of Health and Human Services' Healthy People 2020. 6 Unfortunately, reports have not demonstrated significant success in achieving goals related to transition. 7, 8 Minorities are at elevated risk for lack of transition preparedness, 7 which has important implications in designing a transition program for patients with cSLE, given the increased incidence of cSLE in minority groups. One small study of transitionaged patients with pediatric rheumatic disease including cSLE reported increased disease activity in nearly half the cSLE patients during the year after transition, 9 and a recent single-center study found that more than half of cSLE patients reported difficulties during transition and that these patients were more likely to report poor symptom control. 10 We studied a group of patients with cSLE during the three years following the transition from pediatric to adult care who had no formal transitioning process, and assessed patient characteristics, disease activity scores and damage scores. Our goals were to describe the post-transition period in our cohort, and to investigate potential risk factors for poor transition outcomes, including prolonged time between last pediatric and first adult provider visits, gaps in care, unscheduled utilization of health care via emergency department (ED) visits and admissions, and missed appointments.
Patients and methods

Data source
Within the Brigham and Women's Hospital Lupus Registry, we identified patients who met the following criteria: 1) diagnosed with SLE per American College of Rheumatology (ACR) Classification Criteria 11 at 18 years of age, 2) 18-23 years old at their first visit to the Lupus Center at Brigham and Women's Hospital, 3) followed by a pediatric rheumatologist prior to transition to adult care, 4) > 1 subsequent visit to the Lupus Center within three years of their first visit, and 5) first seen between 1992 and 2014. It was expected that a subgroup of the total cohort would transition their pediatric care from the neighboring Boston Children's Hospital. Institutional review board (IRB) permission was obtained at both sites via a reliance agreement (Protocol 2014P001086).
Data collection
Age at cSLE diagnosis, race, ethnicity, as well as data regarding cSLE manifestations and symptoms were extracted from the electronic medical records at Brigham and Women's Hospital and Boston Children's Hospital, when applicable. We also reviewed the pediatric medical records of patients who transitioned from Boston Children's Hospital to determine time between last pediatric and first adult provider visits.
The post-transition period was defined as three years from the first adult Lupus Center visit. Information collected in detail from the first Lupus Center visit and the visit closest to the three-year mark included demographic information, educational level, hydroxychloroquine (HCQ) and corticosteroid use (mg of prednisone equivalents/day), and whether non-adherence was noted in medical records. Median annual household income at first Lupus Center visit was based on residential zip code 12 and 2000 US Census data. HCQ and corticosteroids were studied given their frequent use in treating lupus. Medication nonadherence was documented when patients selfreported not taking medications as prescribed, or there was physician documentation in clinic notes reporting medication non-adherence. Diagnoses of anxiety and depression were noted if the patient was referred to Social Work, Psychology or Psychiatry specifically for depression and/or anxiety, if either diagnosis was included in his or her problem list, or if the treating physician specifically documented these diagnoses during visits. If noted in the medical record, information regarding social work involvement was also extracted.
During the time of the study period, there was no formalized process to transition patients from Boston Children's Hospital to Brigham and Women's Hospital. Suggested timing of first visit at the Lupus Center was determined on an individual basis by the pediatric provider, but within six months of last pediatric visit was typical given the need for frequent monitoring in lupus patients. Data regarding transition preparedness for patients who came from other centers were not available.
Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) 13 scores and Systemic Lupus International Collaborating Clinics/ACR Damage Index for Systemic Lupus Erythematosus (SLICC) 14 scores were calculated for both visits. At the first visit, active disease was defined as manifestations in the six months prior to the visit, whereas past disease was defined as manifestations after the diagnosis of cSLE, but not present during the six months prior to first Lupus Center visit. Manifestations of renal disease included glomerulonephritis, nephrotic syndrome, and end-stage renal disease (ESRD). Active renal disease was defined by (1) proteinuria > 0.5 grams/24 hours or, if 24-hour measurements were not available, by positive renal items on the SLEDAI, 15 (2) an increase in immunosuppressive medications to treat renal disease, and/or (3) need for renal biopsy during the post-transition period. Manifestations of neuropsychiatric SLE (NPSLE) included cerebrovascular accident, transverse myelitis, seizures and psychosis.
Missed appointments in the post-transition period were defined as appointments scheduled but not kept in the Lupus Center by the patient (frequently referred to as ''no shows''). In order to capture those patients who had gaps in care from lack of scheduling appointments, as opposed to those who scheduled but missed them, we also looked for periods of time ! 6 months per year of study wherein patients had no appointments, as visits are typically recommended at least every six months in the Lupus Center. Gaps in care were also recorded if the physician recommended follow-up in the Lupus Center within a specified period of time, i.e. two months, but the patient did not return within the recommended time period.
To assess unscheduled utilization of health care during the post-transition period, we examined the electronic medical record for visits to the ED at the two hospitals included in this study, as well as admissions per year, and recorded the frequency and length of stay. Admissions for scheduled infusions were not included.
Data analysis
Summary statistics were used to examine sociodemographic characteristics. Frequencies and percentages were determined for discrete variables. Continuous variables were summarized by mean AE SD or median AE range as appropriate. Differences in SLEDAI scores, SLICC scores, and depression and/or anxiety as a combined variable, and non-adherence between first and last Lupus Center visits were analyzed using paired t tests. Depression and/or anxiety and non-adherence were dichotomized as present vs. not present.
Transition outcomes of interest included: time from last pediatric visit to first adult provider visit, gaps in care, unscheduled utilization of health care (ED visits and admissions) and missed appointments. In order to investigate risk factors for (1) having > 6 months at the transition between pediatric and adult providers, (2) !1 gap in care, (3) unscheduled utilization of health care (!1 ED visit or admission), and (4) documentation of depression and/or anxiety during the post-transition period, we constructed multivariable logistic regression models including age at cSLE diagnosis (<12 years old vs. !12 years old), race, ethnicity, education level (incomplete high school education, completion of high school or equivalent, > 1 year of post-high school education), zip code-based median annual household income (<$50,000/year, $50,000-$100,000/year, !$100,000/year), presence of renal disease and/or NPSLE, medication nonadherence, and SLEDAI score at first Lupus Center visit ( 4 vs. >4).
A multivariable Poisson regression analysis analyzing risk factors for the number of missed appointments during the post-transition period used the same predictors as the logistic regression. Data were analyzed with SAS version 9.2 (Cary, NC). Two-sided p values < 0.05 were considered statistically significant.
Results
Description of the transition cohort
We identified 83 patients with cSLE followed at the Brigham and Women's Hospital Lupus Center. Thirteen patients had been diagnosed with cSLE, but had not been followed by a pediatric rheumatologist. Twenty patients received a second opinion in a single visit at the Lupus Center. Fifty patients fit all inclusion criteria and were seen by 16 rheumatologists in the Lupus Center; each patient had a primary rheumatologist who saw the patient for the majority of visits during the post-transition period. Twenty-eight (56%) of the patients had transitioned from the Boston Children's Hospital next door. Forty-five (90%) of the patients were female. Of the 50 patients, 42% (n ¼ 21) were White, 22% (n ¼ 11) were African American, 10% (n ¼ 5) were Asian and 22% (n ¼ 11) reported Hispanic ethnicity (Table 1) . Of the 13 patients with race described as ''other,'' eight identified Hispanic ethnicity but declined to complete race. The mean age at onset of cSLE symptoms was 14.1 years (range 6-18) and mean age at diagnosis of cSLE was 14.5 years (range 6-18). The majority of patients (n ¼ 46, 92%) were in a moderate to high annual household income. The mean age at the first Lupus Center visit was 19.5 AE 2.20 years and 60% of patients had at least one year of post-high school education at that time. The mean number of days followed in the Lupus Center was 805 AE 430 days (median ¼ 1050, range 28-1652). Nearly two-thirds of patients had follow-up for at least two years (n ¼ 32, 64%). At the first Lupus Center visit, five patients had a preexisting diagnosis of an anxiety or depressive disorder and were being treated for it, or had symptoms of anxiety and/or depression that warranted referral to a mental health provider, whereas over a quarter of patients (n ¼ 13) were noted to have anxiety and/or depression at the end of the post-transition period (10% vs. 26%, p ¼ 0.02, Table 2 ). Predictors for having depression and/or anxiety were not identified in our logistic regression modeling. More than 25% of patients were evaluated by social work during the post-transition period (n ¼ 13). Reasons for social work involvement included depression, domestic violence, incarceration, financial and housing stresses, substance abuse, and non-adherence.
Non-adherence was documented by the provider in six patients at the first and last post-transition visits, with an additional six patients having documentation for non-adherence at the last transition visit (12% vs. 24%, p ¼ 0.01). Of the 17 patients reported as not taking HCQ over the post-transition period, the most common causes were non-adherence or refusal due to the patient's belief it was ineffective or concern about potential side effects (n ¼ 10). Two patients had HCQ allergy, three had ocular toxicity, one had cardiomyopathy, and one reported gastrointestinal side effects.
Disease manifestations and disease activity
SLEDAI scores did not differ significantly from the beginning to the end of the post-transition period (mean 5.7 AE 5.0 vs. 4.7 AE 4.8, range 0-18, p ¼ 0.2). Twenty of the patients (40%) had a history of lupus nephritis at the first Lupus Center visit, and seven patients (15%) had active renal disease at their first visit ( Figure 1 ). More than one-quarter of patients had active renal disease during the post-transition period (n ¼ 14, 28%). At the end of the posttransition period, nearly half of the patients (n ¼ 23, 46%) had either a history of renal disease during their pediatric care and/or developed renal disease, and two patients had ESRD and required dialysis. Fewer patients had a history of neuropsychiatric SLE (NPSLE, n ¼ 4, 8%) at the first Lupus Center visit, and none had active NPSLE at the beginning of the post-transition period. Three patients (6%) had active NPSLE during the post-transition period. No mortalities were recorded during transition.
Twenty-two patients (44%) had SLICC scores ! 1 during transition. SLICC scores were low overall, but increased significantly over the study period (0.46 AE 0.84, range 0-3 vs. 0.78 AE 1.25, range 0-5, p ¼ 0.01). The most common morbidities included avascular necrosis (n ¼ 5 patients) and deep venous thrombosis (n ¼ 5 patients). Four patients had extensive skin scarring or scarring alopecia.
Transition outcomes
We found that 28 of the 50 patients had transitioned from the local pediatric hospital. The time from last pediatric rheumatology visit to first Lupus Center visit was nearly nine months (mean of 253 AE 392 days, median 133 days, range 6-2017 days, Table 3 ). Gaps in care were frequent, with more than 70% of patients having at least one gap in care during the post-transition period (n ¼ 36, 72%). Unscheduled utilization of the health care system due to ED visits was 1.9 AE 5.2 per patient (median ¼ 0, range 0-34, Table 3 ) during the posttransition period. Sixty-one admissions were recorded in 15 patients during this time, indicating that most admissions were in a minority of patients. The majority of admissions (47/61, 77%) were for SLE or complications of SLE therapy. The latter included serious infections or medication adverse events, such as bleeding while taking warfarin. We found that four patients (8%) used the pediatric ED following their transition to the Lupus Center. Conversely, we examined records to assess for ED utilization at the adult hospital prior to being seen in the Lupus Center, and four of patients (8%) had been seen in the adult ED before officially transitioning their care to the adult hospital. Logistic regression modeling did not reveal significant predictors for time > 6 months between last pediatric and first adult provider visit, !1 gaps in care, or unscheduled utilization (!1 ED visit and/or admission) during the post-transition period.
Nearly half of patients (n ¼ 23, 46%) missed at least one appointment that had been scheduled in the Lupus Center during the post-transition period (mean 2.7 AE 5.9, range 0-32). Of those 23 patients who missed one appointment, 70% (n ¼ 16) missed more than one appointment. Missed appointments as a percentage of total scheduled appointments at the Lupus Center was 9% per patient (9.2% AE 13.5% per patient, median ¼ 0 and range 0-55%). Education below the high school level, medication non-adherence and White race were significantly associated with missed appointments in a Poisson regression analysis.
Discussion
The number of adolescents and young adults with chronic health conditions is growing and currently half a million of these patients are transitioning to adult care. 16 The physicians involved in the care of these patients span sub-specialties across pediatrics and medicine, and although each specialty has disease activity indices or other specific markers of disease, one of the challenges in studying a transition population is defining outcomes that are applicable across subspecialty populations. Sharma et al. 17 have suggested that measurable outcomes of successful transition may include uninterrupted access to health care services as evidenced by lack of gaps in care and unscheduled utilization of health care services during the transition. In this multiracial, transition-aged cohort of patients with cSLE, we found that the transition from pediatric to adult providers was characterized by moderately high disease activity, prolonged time between the last pediatric and first adult provider appointments, and frequent gaps in care.
SLE disease activity as measured by SLEDAI scores was moderate and stable in our cohort, whereas SLICC scores increased significantly over the post-transition period. No mortalities occurred. Hersh et al. also found stable SLEDAI scores in 16 patients with cSLE in the year after transition; one mortality in a cSLE patient was reported. 9 It is of note that although one-quarter of our patients had active renal disease over the post-transition period, only two patients had ESRD at the end of the posttransition period. Of the two patients with ESRD, one patient had been non-compliant with medications, had missed 10 Rheumatology and Nephrology visits, and had a prolonged gap in care (nine months) during the post-transition period. The other patient had developed cSLE at the age of 6, and although her compliance improved during the post-transition period, she had already sustained significant kidney injury and was placed on dialysis and the transplant list. SLICC scores were low overall but increased during the post-transition period in our study, which is not unexpected given that longer disease duration is associated with increasing damage accrual. 18 There is a parallel for accruing diseaserelated damage in the transition literature in patients with Type 1 diabetes mellitus (T1DM), in that increasing background incidence of retinopathy was documented in a transition-aged Swedish cohort. 19 To our knowledge, this is the first description of damage scores in a cSLE transition cohort, and raises consideration of intensified monitoring of patients during their transition from pediatric to adult care.
Nearly one-third (n ¼ 16, 32%) of patients had > 1 missed appointments during the posttransition period, which is quite similar to the number of missed appointments in the cohort described by Hersh et al. 9 However, the overall percentage of missed visits (missed appointments/total number of scheduled appointments) was not high, with an average of 9% of Lupus Center visits missed per patient. This is in contrast to an urban, adult SLE cohort studied by Mosley-Williams et al., wherein patients missed $30%-40% of their appointments. 20 Missed appointments were significantly associated with White race, lower educational level (< high school degree) and medication non-adherence. Interestingly, there were significantly more missed appointments in White women in Mosley-Williams' study as well, 20 although this was only marginally significant once adjusted for income. The finding of lower educational level leading to a suboptimal transition outcome may help to delineate an at-risk population that requires further support during the process of transition. It should be noted, however, that although missed appointments weren't prominent, the majority of our patients experienced gaps in care whereby they didn't schedule appointments within the recommended time frame per the treating physician. The lack of appropriate scheduling with its concomitant potentially serious consequences demonstrates the need to educate transition patients regarding the importance of scheduling their own appointments. To this end, scheduling of appointments by the patient is used as a transition readiness assessment item by the National Health Care Transition Center. 21 Time from last pediatric visit to first adult visit was on average almost nine months, which is longer than reported in a group of transition-aged patients with pediatric rheumatic disease. 9 In a report of patients with T1DM, time to first adult provider visit was > 6 months in up to one-third of the patients. 22 We were unable to determine the cause for the delay in care given the retrospective nature of this project. Given the potential severity of SLE, decreased time to first adult provider visit should be a goal in transition programs for these patients, and provides an important target in the design and implementation of a transition program.
Unscheduled utilization in regards to hospital admission was not prominent overall in our cohort, as most patients were not admitted in the post-transition period. However, it is notable that the majority of admissions were directly related to lupus or complications of SLE therapy. Unscheduled utilization of health care via ED visits was also not frequent in our population. However, the average of approximately two ED visits per patient during the post-transition period is likely an underestimation, as visits to outside EDs may be not be routinely documented in the hospital electronic medical health records. Furthermore, it is likely a sign of suboptimal transition that 16% of patients continued to access the pediatric ED following their first visit to the adult Lupus Center, or obtained care through the adult ED prior to the first Lupus Center visit.
Our population of cSLE patients had a significant burden of depression and anxiety that significantly increased over the post-transition period, and more than one-quarter of them required support from Social Work for a variety of serious circumstances including homelessness, substance abuse and incarceration. Other chronic conditions, including asthma 23 and T1DM, 24 have been associated with worsening of disease symptoms when comorbidities of depression and anxiety are present. Mood disorders in SLE patients are quite complex, given the difficulty in disentangling depression and anxiety as manifestations of NPSLE vs the psychosocial impact of a chronic disease characterized by unpredictable, potentially fatal flares of disease. In cSLE patients undergoing transition, these considerations must be further placed in the context of the challenges associated with emerging adulthood. The relationship between depression and SLE disease activity has been studied, 25 but results have been conflicting. 26 Findings from a recent inception cohort revealed that mood disorders in SLE are likely multifactorial and consideration of non-lupus therapies to treat them is important. 27 The substantial amount of non-adherence as documented by the providers is of interest, although it is limited by the retrospective nature of this review. Given the vulnerability of transition-aged young adults, as well as the disease activity and damage scores in this group, new strategies to address nonadherence seem especially important. Ting et al. studied the effect of cellular text messaging on adherence with medical visits and HCQ. 28 Interestingly, text messaging was effective in increasing clinic attendance, but did not affect adherence to HCQ as measured by serum HCQ levels.
The successful transition from pediatric to adult care for all youth with chronic conditions is predicated on the ability of the individual to achieve self-efficacy and disease self-management skills, and the ability of the medical system to provide patient-centered care. Given the complex interplay of chronic disease, the tasks of emerging adulthood and our complicated medical system, methods to successfully guide these patients through transition will likely need to be flexible, applicable across diseases yet responsive to differences in disease severity. These considerations prompted Huang et al. to study the capability of a generic technology platform to improve disease management tasks and health-related self-efficacy in a transition cohort of patients with T1DM, inflammatory bowel disease and cystic fibrosis. 29 The results were encouraging with regard to short-term improvement in these outcomes. However, it should be noted that metrics for assessing successful transition in the long term, such as gainful employment and low disease activity scores several years after transition, have not yet been adequately described.
A limitation in the generalizability of our study is that our cohort was of relatively high socioeconomic status. Despite this, non-adherence and gaps in care were notable. The age at symptom onset and age at diagnosis of cSLE were similar, perhaps due to a strong medical presence in an urban setting leading to more rapid diagnosis. As a retrospective review, there were limitations in data collection. Six patients did not have SLEDAI scores calculated at their last post-transition period visit because of missing laboratory data, which may have affected our finding of SLEDAI scores as stable over the post-transition period. Furthermore, documentation of depression and anxiety as well as medication non-adherence was dependent on the provider. Thus, although elevated, this is likely an underestimation of mental health issues and adherence in our population. Although our cohort is larger than other published transition cohorts of patients with pediatric rheumatic disease, 9, 10 the small number of patients in our study limited the power of our analyses, likely leading to the inability to identify predictors of prolonged time to first adult provider visit, gaps in care, unscheduled utilization and depression and/ or anxiety. Additionally, the lack of a formalized transition process between the pediatric and adult Rheumatology programs may have influenced outcomes, particularly the time from last pediatric visit to fist adult provider visit. Lastly, we were unable to determine insurance status during the post-transition period, as insurance status is overwritten in the electronic medical record and retrieval of prior insurance information is not possible.
In summary, the post-transition period in our cohort of cSLE patients who did not undergo a formal transition process was characterized by moderate disease activity and gaps in care. Anxiety and depression were notable, and likely underestimated in this retrospective review. This study highlights key areas to target in the design and implementation of transition programs of cSLE patients. Future areas of study include strategies to address gaps in care, non-adherence and a multidisciplinary approach to complex patients.
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